
M
O
D
E
H
A
N
D
L
IN

G
IN

T
H
E
T
IM

E
�T
R
IG

G
E
R
E
D

A
R
C
H
IT
E
C
T
U
R
E

H
�
K
o
p
e
tz
�
R
�
N
o
ssa

l�
R
�
H
e
x
e
l�
A
�
K
r
�u
g
e
r
�
�

D
�
M
illin

g
e
r
�
R
�
P
a
llie

r
e
r
�
C
�
T
e
m
p
le

�
�
�

�
In
stitu

t
f�u
r
T
ech

n
isch

e
In
fo
rm

a
tik�

T
ech

n
isch

e
U
n
iversit�a

t
W
ien

�
A
u
stria

M
�
K
r
u
g
�
�

�
�
D
a
im

ler
B
en
z
A
G
�
S
tu
ttga

rt�
G
erm

a
n
y

A
b
str

a
c
t�

L
a
rg
e
rea

l�tim
e
a
p
p
lica

tio
n
s
o
ften

im
p
o
se

strin
g
en
t
req

u
irem

en
ts

o
n

th
e
sy
stem

a
rch

itectu
re

co
n
cern

in
g
th
e
n
u
m
b
er

o
f
d
i�
eren

t
o
p
era

tin
g
co
n
d
itio

n
s
u
n
d
er

w
h
ich

th
ey

m
u
st

o
p
era

te�
M
o
d
es

a
n
d
m
o
d
e
ch
a
n
g
es

a
re

a
p
ow

erfu
l
co
n
cep

t
to

rep
resen

t
th
ese

o
p
era

tio
n
a
l
p
h
a
ses

w
ith

in
th
e
sy
stem

a
rch

itectu
re�

T
h
is
p
a
p
er

fo
cu
ses

o
n
th
e
m
o
d
es

a
n
d
th
e
m
o
d
e
ch
a
n
g
e
stra

teg
y
ava

ila
b
le
in

th
e
tim

e�
trig

g
ered

a
rch

itectu
re�

T
h
e
tim

e�trig
g
ered

a
rch

itectu
re

is
o
u
tlin

ed
a
n
d
th
e
p
rin

cip
le

o
f
m
o
d
es

a
n
d
m
o
d
e
ch
a
n
g
es

is
in
tro

d
u
ced

�
T
h
e
m
o
d
es

in
tro

d
u
ced

in
th
e
T
T
A

m
eet

th
e
req

u
irem

en
ts
im
p
o
sed

b
y
d
i�
eren

t
o
p
era

tin
g
co
n
d
itio

n
s
o
f
h
a
rd

rea
l�tim

e
sy
stem

s�
T
h
e
req

u
irem

en
ts
fo
r
m
o
d
e
ch
a
n
g
es
a
re
id
en
ti�

ed
a
n
d
th
e
co
n
�
ict

b
etw

een
co
n
sisten

cy
a
n
d
sp
eed

is
reso

lv
ed

b
y
in
tro

d
u
cin

g
tw
o
d
istin

ct
ty
p
es

o
f
m
o
d
e
ch
a
n
g
es�

K
e
y
w
o
r
d
s�
D
istrib

u
ted

R
ea
l�T

im
e
S
y
stem

s�
S
ta
tic

S
ch
ed
u
lin
g
�
M
o
d
es

�
�
IN
T
R
O
D
U
C
T
IO

N

S
a
fety

critica
l
h
a
rd

rea
l�tim

e
a
p
p
lica

tio
n
ty
p
ica

lly
ex
h
ib
it
a
n
u
m
b
er

o
f
m
u
tu
a
l
ex
clu

siv
e
o
p
era

tio
n
a
l

p
h
a
ses�

E
a
ch

o
f
th
ese

p
h
a
ses

req
u
ires

d
i�
eren

t
co
n
tro

l
a
ctiv

ities�
A

co
m
p
u
ter

sy
stem

o
n
b
o
a
rd

a
n
a
ircra

ft�fo
r
in
sta

n
ce�

p
erfo

rm
s
d
i�
eren

t
a
ctio

n
s

d
u
rin

g
ta
x
iin
g
o
n
th
e
g
ro
u
n
d
a
n
d
d
u
rin

g
lev

el
�
ig
h
t
w
ith

th
e
a
u
to
p
ilo
t
en
g
a
g
ed
�
C
o
m
p
u
ter

sy
s�

tem
s
co
n
tro

llin
g
h
a
rd

rea
l�tim

e
a
p
p
lica

tio
n
s
m
u
st

o
�
er

rea
l�tim

e
a
n
d

fa
u
lt�to

lera
n
ce

ca
p
a
b
ilities�

T
h
e
T
im
e�T

rig
g
ered

A
rch

itectu
re
�T
T
A
	
b
a
sed

o
n

th
e
T
im
e�T

rig
g
ered

P
ro
to
co
l
�T
T
P
	
�K

o
p
etz

a
n
d

G
r
u
n
steid

l�
�
�
�
�
	
m
eets

b
o
th

d
em

a
n
d
s�

�
T
h
is
w
o
rk

h
a
s
b
een

su
p
p
o
rted

in
p
a
rt

b
y
th
e
E
S
P
R
IT

p
ro
ject

�
T
im

e�T
rig

g
ered

A
rch

itectu
re

�T
T
A
��

a
n
d

th
e

B
R
IT
E

E
U
R
A
M

p
ro
ject

�
S
a
fety

R
ela

ted
F
a
u
lt�T

o
lera

n
t

S
y
stem

s
in

V
eh
icles

�X
�b
y
�W

ire��
�

T
h
e
T
T
A
�
lik
e
a
n
y
tim

e�trig
g
ered

sy
stem

�
relies

o
n
sta

tic
sch

ed
u
lin
g
o
f
ta
sk
s
a
n
d
m
essa

g
es�

T
h
ese

sch
ed
u
les

a
re

crea
ted

p
re�ru

n
tim

e�
th
u
s
th
e
sy
s�

tem
ca
n
n
o
t
a
d
a
p
t
to

ch
a
n
g
in
g
co
n
d
itio

n
s
d
u
rin

g
ru
n
tim

e�
T
h
is
p
ro
b
lem

is
ov
erco

m
e
b
y
in
tro

d
u
cin

g
th
e
co
n
cep

t
o
f
m
o
d
es�

A
m
od
e
re�

ects
a
certa

in
o
p
era

tio
n
a
l
p
h
a
se

o
f
th
e
rea

l�tim
e
a
p
p
lica

tio
n
�

C
h
a
ra
cteristics

o
f
a
m
o
d
e
a
re
th
e
ta
sk

set
ex
ecu

ted
in

th
is
m
o
d
e
a
n
d
th
e
set

o
f
m
essa

g
es

tra
n
sm

itted
in

th
is
m
o
d
e�

M
o
d
e
ch
a
n
g
es

a
re

u
sed

to
ch
a
n
g
e
b
etw

een
sta

t�
ica

lly
d
e�
n
ed

m
o
d
es�

T
h
ey

a
re

th
e
o
n
ly

m
ea
n
s

to
ch
a
n
g
e
th
e
tem

p
o
ra
l
b
eh
av
io
u
r
d
u
rin

g
o
p
er�

a
tio

n
�
If

th
e
o
p
era

tin
g
co
n
d
itio

n
s
o
r
th
e
o
p
er�

a
tio

n
a
l
p
h
a
se

ch
a
n
g
e�

th
e
co
n
tro

llin
g
co
m
p
u
ter

sy
stem

h
a
s
to

p
erfo

rm
a
m
o
d
e
ch
a
n
g
e�

C
h
a
n
g
�

in
g
to

a
n
o
th
er

m
o
d
e
m
ea
n
s
to

p
ro
ceed

a
cco

rd
�

in
g
to

a
d
i�
eren

t
tem

p
o
ra
l
co
n
tro

l
p
a
ttern

�
i�e��

a
d
i�
eren

t
ta
sk

a
n
d
m
essa

g
e
sch

ed
u
le�

W
o
rk

o
n



m
o
d
e
ch
a
n
g
e
ex
ten

sio
n
s
fo
r
a
p
rio

rity
in
h
erita

n
ce

b
a
sed

sch
ed
u
ler

is
p
resen

ted
in

�S
h
a
et

a
l��

�
�


�
	�

T
in
d
ell

et
a
l�

�T
in
d
ell

et
a
l��

�
�
�
�
	
d
ea
l
w
ith

m
o
d
e
ch
a
n
g
es

in
a
d
ea
d
lin
e
m
o
n
o
to
n
ic

sch
ed
u
l�

in
g
a
lg
o
rith

m
�
In

th
e
co
n
tex

t
o
f
tim

e�trig
g
ered

a
rch

itectu
res

F
o
h
ler

�F
o
h
ler�

�
�
�
�
	
h
a
s
d
ev
elo

p
ed

a
sta

tic
sch

ed
u
ler

ca
p
a
b
le

o
f
va
rio

u
s
m
o
d
es

a
n
d

m
o
d
e
ch
a
n
g
es�

T
h
is
p
a
p
er

sh
ow

s
h
ow

m
o
d
es

a
re

in
teg

ra
ted

in
to

th
e
T
T
A

a
n
d
th
e
p
ro
to
co
l�
T
h
e
co
m
m
u
n
ica

tio
n

sy
stem

o
f
th
e
T
T
A

p
rov

id
es

th
e
m
ech

a
n
ism

s
fo
r

m
o
d
e
h
a
n
d
lin
g
to

th
e
a
p
p
lica

tio
n
p
ro
g
ra
m
�
H
en
ce

th
e
a
p
p
lica

tio
n
h
a
s
a
p
ow

erfu
l
m
ea
n
s
fo
r
a
d
a
p
tin

g
to

d
i�
eren

t
co
n
d
itio

n
s
th
a
t
is
y
et

ea
sy

to
u
se�

T
h
e
rest

o
f
th
e
p
a
p
er

is
o
rg
a
n
ized

a
s
fo
llow

s�
S
ec�

tio
n
�
g
iv
es
a
n
ov
erv

iew
o
f
th
e
T
im
e�T

rig
g
ered

A
r�

ch
itectu

re
fo
cu
ssin

g
o
n
tim

e�trig
g
ered

sy
stem

a
cti�

va
tio

n
a
n
d
th
e
d
a
ta

stru
ctu

res
co
n
ta
in
in
g
th
e
tem

�
p
o
ra
l
co
n
tro

l
p
a
ttern

�
A
n
in
tro

d
u
ctio

n
to

m
o
d
es

a
n
d
m
o
d
e
ch
a
n
g
es

is
g
iv
en

in
S
ectio

n
�
�
B
a
sed

o
n

th
is
g
en
era

l
co
n
cep

t
S
ectio

n
�
g
o
es

in
to

d
eta

il
o
n

th
e
m
o
d
e
h
a
n
d
lin
g
in

th
e
T
im
e�T

rig
g
ered

A
rch

i�
tectu

re�
T
h
e
p
a
p
er

is
co
n
clu

d
ed

in
S
ectio

n
�
�

�
�
O
V
E
R
V
IE
W

O
F
T
H
E
A
R
C
H
IT
E
C
T
U
R
E

In
th
e
T
im
e�T

rig
g
ered

A
rch

itectu
re

th
e
co
n
tro

l�
lin
g
co
m
p
u
ter

sy
stem

co
n
sists

o
f
a
t
lea

st
o
n
e

co
m
p
u
ta
tio

n
a
l
clu

ster
��
g
u
re

�
	�
A
co
m
p
u
ta
tio

n
a
l

clu
ster

co
m
p
rises

a
set

o
f
self�co

n
ta
in
ed

n
od
e
co
m
�

p
u
ters�

T
h
e
n
o
d
es

co
m
m
u
n
ica

te
v
ia
a
�rep

lica
ted

	
b
ro
a
d
ca
st
b
u
s
u
sin

g
th
e
T
im
e�T

rig
g
ered

P
ro
to
co
l�

T
h
erefo

re�
a
sin

g
le
clu

ster
is
a
lso

ch
a
ra
cterized

a
s

b
ein

g
a
broa

d
ca
st

d
o
m
a
in
�

Communication
Subsystem

Local H
ost

S
ubsystem

Local H
ost

S
ubsystem

Local H
ost

S
ubsystem

C
N

I

C
om

m
unication S

ystem

C
C

:  C
om

m
unication C

ontroller
C

N
I: C

om
m

unication N
etw

ork Interface

H
ost

C
C

H
ost

C
C

H
ost

C
C

H
ost C

P
U

C
om

m
. C

ontroller

D
P

R
A

M

C
N

I

Local Host
Subsystem

F
ig
�
�
�
A
rch

itectu
re

o
f
a
C
lu
ster

a
n
d
a
N
o
d
e�

M
essa

g
es

m
u
tila

ted
in

th
e
co
m
m
u
n
ica

tio
n
sy
s�

tem
a
re

a
ssu

m
ed

to
b
e
d
etected

a
n
d
d
isca

rd
ed
�

F
u
rth

er�
n
o
d
es

a
re

a
ssu

m
ed

to
b
e
fa
il�silen

t�
i�e��

o
n
ly

cra
sh

fa
ilu
res

a
n
d
o
m
issio

n
fa
ilu
res

ca
n
o
c�

cu
r�
S
elf�ch

eck
in
g
m
ech

a
n
ism

s
ca
u
sin

g
a
h
ig
h
er�

ro
r
d
etectio

n
cov

era
g
e
a
re

em
p
loy

ed
to

en
fo
rce

th
is

p
ro
p
erty�

E
x
ten

siv
e
fa
u
lt�in

jectio
n

ex
p
eri�

m
en
ts
w
ith

th
e
M
A
R
S
p
ro
to
ty
p
e
sy
stem

�K
o
p
etz

et
a
l��

�
�


�
	
h
av
e
sh
ow

n
th
e
fea

sib
ility

o
f
th
is

a
ssu

m
p
tio

n
�K

a
rlsso

n
et

a
l��

�
�
�
�
	�

W
ith

in
a
clu

ster�
a
g
lo
b
a
l
tim

e
b
a
se

�
o
f
su
f�

�
cien

tly
sm

a
ll
g
ra
n
u
la
rity

w
ith

resp
ect

to
a
sp
e�

ci�
c
a
p
p
lica

tio
n
�

is
esta

b
lish

ed
b
y
sy
n
ch
ro
n
izin

g

th
e
clo

ck
s
lo
ca
ted

w
ith

in
th
e
n
o
d
es

�K
o
p
etz

et
a
l��

�
�
�
�
	�

�
��

S
tru

ctu
re

o
f
a
N
od
e
C
o
m
p
u
ter

T
w
o
m
a
in

su
b
sy
stem

s
ca
n
b
e
id
en
ti�

ed
w
ith

in
a
n
o
d
e
co
m
p
u
ter�

��
	
th
e
co
m
m
u
n
ica

tio
n
su
bsys�

tem
�
w
h
ich

a
u
to
n
o
m
o
u
sly

a
n
d
relia

b
ly

tra
n
sm

its
m
essa

g
es
b
etw

een
th
e
n
o
d
es
o
f
th
e
d
istrib

u
ted

sy
s�

tem
�
a
n
d
��
	
th
e
h
o
st

su
bsystem

�
w
h
ich

ex
ecu

tes
th
e
d
istrib

u
ted

rea
l�tim

e
a
p
p
lica

tio
n
�
T
h
e
o
p
era

�
tio

n
o
f
b
o
th

su
b
sy
stem

s
is
co
n
tro

lled
b
y
sta

tic
co
n
�

�
g
u
ra
tio

n
d
a
ta

stru
ctu

res�
T
h
e
M
E
ssa

ge
D
escrip

�
to
r
L
ist

�M
E
D
L
�
resid

es
in

th
e
co
m
m
u
n
ica

tio
n

su
b
sy
stem

�th
e
T
T
P
co
n
tro

ller	�
a
n
d
co
n
ta
in
s
th
e

a
ttrib

u
tes

o
f
th
e
m
essa

g
es
sen

t
a
n
d
receiv

ed
b
y
th
e

p
ro
to
co
l�
A
cco

rd
in
g
to

th
is
list

th
e
T
T
P
co
n
tro

ller
p
erio

d
ica

lly
a
n
d
a
u
to
n
o
m
o
u
sly

rea
d
s
th
e
m
essa

g
es

to
b
e
sen

t
fro

m
th
e
C
N
I
a
n
d
w
rites

receiv
ed

m
es�

sa
g
es

to
th
e
C
N
I�
S
im
ila
rly�

th
e
a
ttrib

u
tes

o
f
th
e

ta
sk
s
ex
ecu

ted
b
y
th
e
h
o
st

p
ro
cesso

r
u
n
d
er

th
e

co
n
tro

l
o
f
a
tim

e�trig
g
ered

o
p
era

tin
g
sy
stem

a
re

sto
red

in
th
e
T
A
sk

D
escrip

to
r
L
ist

�T
A
D
L
��

T
h
e
in
terfa

ce
b
etw

een
co
m
m
u
n
ica

tio
n
a
n
d
h
o
st

su
b
sy
stem

is
ca
lled

th
e
C
o
m
m
u
n
ica

tio
n
N
etw

o
rk

In
terfa

ce
�C

N
I�

�K
r
u
g
er

a
n
d
K
o
p
etz�

�
�
�
�
	�
It
is

lo
ca
ted

in
a
d
u
a
l�p

o
rted

m
em

o
ry

a
n
d
en
a
b
les

th
e

lo
ca
l
h
o
st

p
ro
cesso

rs
to

sen
d
o
r
receiv

e
m
essa

g
es

b
y
w
ritin

g
to

o
r
rea

d
in
g
fro

m
th
is
m
em

o
ry

a
rea

�
T
h
e
m
a
in
p
a
rt
o
f
th
e
C
N
I
fa
cilita

tin
g
th
is
m
essa

g
e

ex
ch
a
n
g
e
is
d
esig

n
ed

a
s
a
d
a
ta

sh
a
rin

g
in
terfa

ce
w
ith

o
u
t
a
n
y
co
n
tro

l
in
fo
rm

a
tio

n
ex
ch
a
n
g
e�

T
h
is

red
u
ces

th
e
p
ro
b
a
b
ility

o
f
co
n
tro

l
erro

r
p
ro
p
a
g
a
�

tio
n
a
n
d
tem

p
o
ra
lly

en
ca
p
su
la
tes

th
e
su
b
sy
stem

s�
C
o
n
seq

u
en
tly�

th
e
C
N
I
ca
n
b
e
seen

a
s
a
tem

p
o
ra
l

�
rew

a
ll
b
etw

een
co
m
m
u
n
ica

tio
n
su
b
sy
stem

a
n
d

h
o
st

su
b
sy
stem

�
ea
ch

su
b
sy
stem

rep
resen

tin
g
a
n

erro
r�co

n
ta
in
m
en
t
reg

io
n
�

�
��

M
ech

a
n
ism

s
o
f
th
e
T
im

e�T
riggered

P
ro
toco

l

T
T
P
is
a
n
in
teg

ra
ted

tim
e�trig

g
ered

p
ro
to
co
l
th
a
t

p
rov

id
es

p
ro
m
p
t
tra

n
sm

issio
n
o
f
m
essa

g
es

w
ith

h
ig
h
d
a
ta

e�
cien

cy�
a
resp

o
n
siv

e
m
em

b
ersh

ip
ser�

v
ice�

a
fa
u
lt�to

lera
n
t
clo

ck
sy
n
ch
ro
n
iza

tio
n
ser�

v
ice�

m
o
d
e
ch
a
n
g
e
su
p
p
o
rt�

erro
r
d
etectio

n
w
ith

sh
o
rt

la
ten

cy�
a
n
d
d
istrib

u
ted

red
u
n
d
a
n
cy

m
a
n
�

a
g
em

en
t�

T
T
P

m
a
k
es

b
est

u
se

o
f
th
e
a
p
rio

ri
in
fo
rm

a
tio

n
ava

ila
b
le

in
a
T
T
A

to
red

u
ce

th
e

n
u
m
b
er

a
n
d
size

o
f
m
essa

g
es�

e�g
��
b
y
retriev

in
g

th
e
m
essa

g
e
id
en
ti�

ca
tio

n
fro

m
th
e
a
p
rio

ri
k
n
ow

n
tim

e
o
f
m
essa

g
e
recep

tio
n
�

In
T
T
P

a
ll
n
o
d
es

a
re

fo
rced

to
a
g
ree

o
n
th
eir

co
n
tro

ller
sta

tes
�C

�sta
tes��

T
h
e
co
n
tro

ller
sta

te
co
n
sists

o
f
th
ree

�
eld

s�
th
e
M
E
D
L
p
o
sitio

n
�
th
e

g
lo
b
a
l
tim

e
a
n
d
th
e
m
em

b
ersh

ip
�
T
h
e
M
E
D
L
p
o
�

sitio
n
�
eld

is
a
p
o
in
ter

to
th
e
cu
rren

t
en
try

in



th
e
M
E
D
L
�
i�e��

it
id
en
ti�

es
th
e
cu
rren

t
m
o
d
e
a
n
d

T
D
M
A

slo
t�

T
h
e
tim

e
�
eld

co
n
ta
in
s
th
e
g
lo
b
a
l

tim
e
a
t
th
e
b
eg
in
n
in
g
o
f
th
e
cu
rren

t
T
D
M
A
slo

t�
T
h
e
m
em

b
ersh

ip
�
eld

in
d
ica

tes
w
h
ich

n
o
d
es

h
av
e

b
een

a
ctiv

e
a
n
d
in
a
ctiv

e
a
t
th
eir

la
st

m
em

b
er�

sh
ip

p
o
in
t�
T
o
en
fo
rce

C
�sta

te
a
g
reem

en
t
b
etw

een
a
sen

d
er

a
n
d
a
receiv

er
th
e
C
R
C

o
f
a
n
o
rm

a
l

m
essa

g
e
is
ca
lcu

la
ted

ov
er

th
e
m
essa

g
e
co
n
ten

ts
co
n
ca
ten

a
ted

to
th
e
lo
ca
l
C
�sta

te�
A
receiv

er
ca
n

o
n
ly

in
terp

ret
th
e
fra

m
e
if
sen

d
er

a
n
d
receiv

er
a
g
ree

a
b
o
u
t
th
e
co
n
tro

ller
sta

te
a
t
th
e
tim

e
o
f

sen
d
in
g
a
n
d
receiv

in
g
�
In

ca
se

th
e
C
�sta

te
o
f
th
e

sen
d
er
is
d
i�
eren

t
fro

m
th
e
C
�sta

te
o
f
th
e
receiv

er�
a
n
y
m
essa

g
e
sen

t
b
y
th
e
sen

d
er

w
ill

b
e
d
isca

rd
ed

b
y
th
e
receiv

er�
b
eca

u
se

th
e
C
R
C
ch
eck

w
ill

fa
il�

A
ccess

to
th
e
tra

n
sm

issio
n
m
ed
iu
m

is
co
n
tro

lled
b
y
a
sta

tic
T
D
M
A

sch
em

e�
E
a
ch

n
o
d
e
is
a
llow

ed
to

sen
d
m
essa

g
es

o
n
ly

d
u
rin

g
a
p
red

eterm
in
ed

tim
e
sp
a
n
�
ca
lled

its
T
D
M
A

slo
t�

T
h
e
seq

u
en
ce

o
f
th
e
p
erio

d
ic

T
D
M
A

slo
ts

is
ca
lled

a
T
D
M
A

ro
u
n
d
�
W
ith

reg
a
rd

to
th
e
d
u
ra
tio

n
o
f
th
e
T
D
M
A

slo
ts
a
n
d
to

th
e
sen

d
in
g
seq

u
en
ce

o
f
th
e
n
o
d
es�

a
ll

T
D
M
A
ro
u
n
d
s
a
re
eq
u
a
l�
H
ow

ev
er�

th
e
len

g
th

a
n
d

co
n
ten

ts
�th

e
a
p
p
lica

tio
n
d
a
ta
	
o
f
th
e
fra

m
es

m
ay

d
i�
er�

T
h
e
set

o
f
p
erio

d
ica

lly
recu

rrin
g
T
D
M
A

ro
u
n
d
s
�w
ith

p
o
ssib

ly
d
i�
eren

t
m
essa

g
e
len

g
th

a
n
d
co
n
ten

ts	
is
ca
lled

a
clu

ster
cycle

�

T
o
im
p
lem

en
t
th
e
fa
il�silen

ce
b
eh
av
io
r
a
ssu

m
ed

a
b
ov
e�

ea
ch

n
o
d
e

is
eq
u
ip
p
ed

w
ith

tw
o

bu
s

gu
a
rd
ia
n
s
�B

G
s��

T
h
ese

d
ev
ices

a
u
to
n
o
m
o
u
sly

ch
eck

a
n
d
reg

u
la
te

th
e
a
ccess

tim
es

o
f
a
n
o
d
e
to

th
e
b
u
s�

i�e��
th
ey

g
ra
n
t
b
u
s
a
ccess

to
th
e
n
o
d
e

o
n
ly

w
ith

in
its

T
D
M
A

slo
ts

in
d
ep
en
d
en
t
o
f
th
e

rem
a
in
in
g
p
ro
to
co
l
ex
ecu

tio
n
�

�
�
M
O
D
E
S
A
N
D
M
O
D
E
C
H
A
N
G
E
S

T
h
e
tim

e�trig
g
ered

sy
stem

p
a
ra
d
ig
m

a
s
in
tro

�
d
u
ced

in
th
e
p
rev

io
u
s
sectio

n
stip

u
la
tes

a
co
n
sta

n
t

b
eh
av
io
r
o
f
th
e
sy
stem

�
i�e��

th
e
tem

p
o
ra
l
co
n
tro

l
p
a
ttern

d
o
es
n
o
t
ch
a
n
g
e
ov
er
tim

e�
T
h
is
is
a
ra
th
er

in
�
ex
ib
le

a
p
p
ro
a
ch

th
a
t
restricts

th
e
a
p
p
lica

b
il�

ity
o
f
tim

e�trig
g
ered

rea
l�tim

e
sy
stem

s�
H
en
ce

a
m
ech

a
n
ism

to
ch
a
n
g
e
th
e
tem

p
o
ra
l
co
n
tro

l
d
u
rin

g
o
p
era

tio
n
h
a
s
to

b
e
d
ev
ised

�
In

th
is

sectio
n
a
n

a
p
p
ro
p
ria

te
m
ech

a
n
ism

�
m
od
es

a
n
d
m
od
e
ch
a
n
ges

w
ill

b
e
in
tro

d
u
ced

�

�
��

M
od
es

A
p
o
ssib

ility
o
f
cla

ssify
in
g
rea

l�tim
e
a
p
p
lica

tio
n
s

is
th
e
d
y
n
a
m
ics

w
ith

resp
ect

to
th
eir

b
eh
av
io
r�

O
n
th
e
o
n
e
h
a
n
d
th
ere

a
re

a
p
p
lica

tio
n
s
w
h
o
se

b
eh
av
io
r
d
o
es

n
o
t
ch
a
n
g
e
d
u
rin

g
th
eir

o
p
era

tio
n
�

T
h
ey

co
n
tin

u
o
u
sly

p
erfo

rm
th
e
sa
m
e
fu
n
ctio

n
�
�

�
In

th
is
ch
a
ra
cteriza

tio
n
m
a
in
ten

a
n
ce

o
r
in
sta

lla
tio

n
a
re

n
o
t
co
n
sid

ered
to

b
e
n
o
rm

a
l
o
p
era

tio
n
a
l
p
h
a
ses�

A
n
ex
a
m
p
le

fo
r
su
ch

a
sy
stem

is
a
h
y
d
ro

p
ow

er
p
la
n
t�
O
n
th
e
o
th
er

h
a
n
d
th
ere

a
re

a
p
p
lica

tio
n
s

th
a
t
co
n
sist

o
f
a
n
u
m
b
er

o
f
d
istin

ct
p
h
a
ses�

In
ea
ch

p
h
a
se
th
e
sy
stem

p
erfo

rm
s
a
certa

in
fu
n
ctio

n
�

C
o
n
sid

er
th
e
ex
a
m
p
le

o
f
a
n

a
ircra

ft�
A

�
ig
h
t

fro
m

p
o
in
t
A

to
p
o
in
t
B

co
n
sists

o
f
th
e
p
h
a
ses

ta
x
iin
g
o
n

th
e
a
irp

o
rt�

ta
k
eo
�
�
clim

b
in
g
�
lev

el
�
ig
h
t�
d
escen

d
in
g
�
la
n
d
in
g
�
a
n
d
ta
x
iin
g
a
g
a
in
�
In

ea
ch

o
f
th
ese

p
h
a
ses

so
m
e
fu
n
ctio

n
s
a
re
im
p
o
rta

n
t

fo
r
th
e
o
p
era

tio
n
o
f
th
e
p
la
n
e�
w
h
erea

s
o
th
ers

a
re

o
f
m
in
o
r
p
rio

rity
o
r
n
eed

n
o
t
b
e
ca
rried

o
u
t
a
t
a
ll�

A
m
o
d
e
o
f
a
rea

l�tim
e
co
m
p
u
ter

sy
stem

re�
ects

a
certa

in
o
p
era

tin
g
co
n
d
itio

n
o
r
o
p
era

tio
n
a
l
p
h
a
se

o
f
th
e
co
n
tro

lled
o
b
ject�

E
a
ch

m
o
d
e
o
f
o
p
era

tio
n

is
ch
a
ra
cterized

b
y
a
ta
sk

set
th
a
t
is

ex
ecu

ted
in

th
is

m
o
d
e
a
n
d
a
set

o
f
m
essa

g
es

tra
n
sm

itted
d
u
rin

g
th
is
m
o
d
e�
T
h
u
s
ea
ch

m
o
d
e
h
a
s
its

u
n
iq
u
e

tem
p
o
ra
l
co
n
tro

l
stru

ctu
re�

i�e��
its

ow
n
M
E
D
L

a
n
d
its

ow
n
T
A
D
L
�
D
i�
eren

t
m
o
d
es

h
av
e
d
i�
eren

t
ta
sk

a
n
d
m
essa

g
e
sets

a
n
d
a
d
i�
eren

t
tem

p
o
ra
l

co
n
tro

l
p
a
ttern

�
H
ow

ev
er�

th
e
ta
sk

a
n
d
m
essa

g
e

sets
n
eed

n
o
t
b
e
d
isju

n
ct�

F
o
r
in
sta

n
ce

�
rev

is�
itin

g
th
e
ex
a
m
p
le
g
iv
en

a
b
ov
e
�

a
ta
sk

h
a
n
d
lin
g

th
e
g
y
ro

co
m
p
a
ss�

a
p
a
rt

o
f
a
p
la
n
e�s

n
av
ig
a
tio

n
sy
stem

is
n
eed

ed
d
u
rin

g
ta
x
iin
g
o
n
th
e
a
irp

o
rt
a
s

w
ell

a
s
d
u
rin

g
th
e
p
la
n
e�s

�
ig
h
t
p
h
a
se�

�
��

M
od
e
C
h
a
n
ges

M
o
d
e
ch
a
n
g
es

a
re

th
e
o
n
ly

m
ea
n
s
to

ch
a
n
g
e

th
e
tem

p
o
ra
l
co
n
tro

l
stru

ctu
re

d
u
rin

g
o
p
era

tio
n
�

In
a
m
o
d
e
th
e
a
ssig

n
ed
�
p
red

eterm
in
ed

M
E
D
L

a
n
d

T
A
D
L

is
ex
ecu

ted
in

a
p
erio

d
ic

m
a
n
n
er�

T
h
is

sch
em

e
d
o
es

n
o
t
a
llow

fo
r
ch
a
n
g
es

o
f
th
e

fu
n
ctio

n
o
f
th
e
sy
stem

�
If
th
e
o
p
era

tin
g
co
n
d
itio

n
s

o
r
th
e
o
p
era

tio
n
a
l
p
h
a
se

ch
a
n
g
e�

th
e
co
n
tro

llin
g

co
m
p
u
ter

sy
stem

h
a
s
to

p
erfo

rm
a
m
o
d
e
ch
a
n
g
e�

C
h
a
n
g
in
g

to
a
n
o
th
er

m
o
d
e
m
ea
n
s
to

p
ro
ceed

a
cco

rd
in
g
to

a
d
i�
eren

t
tem

p
o
ra
l
co
n
tro

l
p
a
ttern

�

J
a
h
a
n
ia
n
�J
a
h
a
n
ia
n
et

a
l��

�
�




	
p
resen

ted
th
ree

ty
p
es

o
f
m
o
d
e
ch
a
n
g
es

a
cco

rd
in
g
to

th
e
h
a
n
d
lin
g

o
f
th
e
cu
rren

tly
ex
ecu

tin
g
ta
sk
s�

��
	
T
h
e
ea
siest

p
o
ssib

ility
is

to
a
b
o
rt

a
ll
ta
sk
s

a
n
d
sta

rt
a
co
m
p
lete

n
ew

ta
sk

set
in

th
e

d
estin

a
tio

n
m
o
d
e�

In
th
is

ca
se

th
e
m
o
d
e

ch
a
n
g
e
ca
n
b
e
p
erfo

rm
ed

im
m
ed
ia
tely�

��
	
T
h
e
co
u
n
terp

a
rt
to

th
is
p
o
ssib

ility
is
to

co
m
�

p
lete

a
ll
cu
rren

tly
ex
ecu

tin
g
ta
sk
s
a
n
d
sw

itch
to

th
e
n
ew

m
o
d
e
th
en
�

��
	
O
n
ly

so
m
e
o
f
th
e
cu
rren

t
a
ctiv

ities
a
re

�
n
�

ish
ed

b
efo

re
th
e
m
o
d
e
ch
a
n
g
e
ta
k
es

p
la
ce�

F
o
h
ler

�F
o
h
ler�

�
�
�
�
�
F
o
h
ler�

�
�
�
�
	
a
d
va
n
ced

th
is
co
n
cep

t
a
n
d
in
tro

d
u
ced

so
�ca

lled
T
ra
n
sitio

n
M
od
es�

T
h
e
sch

ed
u
le

o
f
a
tra

n
sitio

n
m
o
d
e
is
d
e�

sig
n
ed

to
a
p
p
ro
p
ria

tely
h
a
n
d
le
th
e
term

in
a
tio

n
o
f

a
ctiv

ities�



�
��
��
�
F
lexibility

vs�
S
a
fety

S
o
fa
r
m
o
d
es
h
av
e
b
een

id
en
ti�

ed
to

b
e
a
p
ow

erfu
l

co
n
cep

t
fo
r
ch
a
n
g
in
g
a
sy
stem

�s
fu
n
ctio

n
d
u
rin

g
o
p
era

tio
n
�
Y
et
th
is
�
ex
ib
ility

in
tro

d
u
ces

a
n
u
m
b
er

o
f
p
o
ten

tia
l
d
a
n
g
ers

in
to

th
e
sy
stem

�

C
h
a
n
g
e
s
a
t
W
r
o
n
g
P
o
in
t
in

T
im
e
T
h
e
m
o
st

o
b
v
io
u
s
d
a
n
g
er

is
a
m
o
d
e
ch
a
n
g
e
a
t
a
�
w
ro
n
g
�

p
o
in
t
in
tim

e�
A
m
o
d
e
ch
a
n
g
e
o
ccu

rs
a
t
a
w
ro
n
g

p
o
in
t
in

tim
e�

if
th
e
sta

te
o
f
th
e
co
n
tro

lled
o
b
ject

d
o
es

n
o
t
req

u
ire

a
m
o
d
e
ch
a
n
g
e�
C
o
n
sid

�
erin

g
th
e
a
b
ov
e
ex
a
m
p
le
o
f
a
n
a
ircra

ft
a
m
o
d
e

ch
a
n
g
e
to

ta
x
iin
g
m
o
d
e
w
o
u
ld
b
e
w
ro
n
g
ly
tim

ed
if
it
o
ccu

rred
d
u
rin

g
lev

el
�
ig
h
t�

In
c
o
n
siste

n
c
ie
s
M
o
d
e
ch
a
n
g
es

ca
n
ca
u
se

in
co
n
�

sisten
cies

b
etw

een
th
e
sta

tes
o
f
th
e
n
o
d
es

o
f
a

clu
ster�

If
o
n
ly

a
su
b
set

o
f
th
e
n
o
d
es

p
erfo

rm
a

m
o
d
e
ch
a
n
g
e
tw
o
cliq

u
es

o
f
n
o
d
es

a
re

fo
rm

ed
�

E
a
ch

cliq
u
e
a
ssu

m
es

th
e
co
m
m
u
n
ica

tio
n
p
a
t�

tern
o
f
th
e
m
o
d
e
it

is
in
�
th
e
cliq

u
es

ca
n
n
o
t

co
m
m
u
n
ica

te
w
ith

ea
ch

o
th
er�

T
h
u
s�
a
co
rrect

o
p
era

tio
n
o
f
th
e
sy
stem

ca
n
n
o
t
b
e
g
u
a
ra
n
teed

a
n
y
m
o
re�

�
��
��
�
R
equ

irem
en
ts

T
o
av
o
id
th
e
p
ro
b
lem

s
a
risin

g
a
n
u
m
b
er
o
f
req

u
ire�

m
en
ts

fo
r
m
o
d
e
ch
a
n
g
es

ca
n
b
e
id
en
ti�

ed
�

�
T
h
e
p
o
in
ts

in
tim

e
w
h
en

m
o
d
e
ch
a
n
g
es

a
re

a
llow

ed
m
u
st

b
e
d
eterm

in
ed

b
efo

re
ru
n
tim

e
lik
e
th
e
tem

p
o
ra
l
co
n
tro

l
p
a
ttern

s
o
f
th
e

m
o
d
es�

D
u
rin

g
ru
n
tim

e
m
ech

a
n
ism

s
m
u
st
en
�

su
re

th
a
t
m
o
d
e
ch
a
n
g
es

ca
n
o
n
ly

b
e
p
er�

fo
rm

ed
a
t
th
ese

p
rep

la
n
n
ed

p
o
in
ts
in

tim
e�

�
It
m
u
st
b
e
a
ssu

red
th
a
t
m
o
d
e
ch
a
n
g
es
a
re
ex
�

ecu
ted

o
n
ly
w
h
en

th
is
is
req

u
ired

b
y
th
e
sta

te
o
f
th
e
co
n
tro

lled
o
b
ject�

N
o
te

th
a
t
th
is

re�
q
u
irem

en
t
is
d
i�
eren

t
fro

m
th
e
�
rst�

T
h
e
�
rst

req
u
irem

en
t
d
eterm

in
es

th
e
p
o
in
ts

in
tim

e
w
h
en

ch
a
n
g
es

ca
n
b
e
ta
k
en
�
A
s
th
e
sy
stem

o
p
era

tes
in

a
p
erio

d
ic

m
a
n
n
er�

th
ese

p
o
in
ts

in
tim

e
recu

r
p
erio

d
ica

lly�
T
h
is
req

u
irem

en
t

d
eterm

in
es

if
a
ch
a
n
g
e
is
to

b
e
p
erfo

rm
ed

a
t

o
n
e
o
f
th
ese

p
o
in
ts�

�
C
o
n
cep

ts
fo
r

g
u
a
ra
n
teein

g
th
e

co
n
sisten

t
ch
a
n
g
e
fro

m
a
m
o
d
e
to

a
n
o
th
er

m
u
st

b
e

fo
u
n
d
�
In

th
is
co
n
tex

t
co
n
sisten

t
m
ea
n
s
th
a
t

a
ll
n
o
d
es

o
f
a
clu

ster
ch
a
n
g
e
th
e
m
o
d
e
a
t
th
e

sa
m
e
p
o
in
t
in

tim
e�
In

o
th
er

w
o
rd
s
a
ll
n
o
d
es

o
f
a
clu

ster
m
u
st

a
g
ree

o
n
th
e
cu
rren

t
m
o
d
e

a
t
a
ll
p
o
in
ts

in
tim

e�

�
�
M
O
D
E
H
A
N
D
L
IN
G

IN
T
T
A

T
h
e
p
rev

io
u
s
sectio

n
p
resen

ted
th
e
b
a
sic

co
n
cep

ts
o
f
m
o
d
es

a
n
d
m
o
d
e
ch
a
n
g
es�

In
th
is
sectio

n
th
e

m
o
d
e
h
a
n
d
lin
g
stra

teg
y
o
f
T
T
P

is
ex
p
la
in
ed
�
It

w
ill

b
e
sh
ow

n
h
ow

m
o
d
e
ch
a
n
g
es

a
re

in
itia

ted
a
n
d
w
h
ich

restrictio
n
s
a
p
p
ly�

T
w
o
ty
p
es

o
f
m
o
d
e

ch
a
n
g
es

su
p
p
o
rted

b
y
T
T
P

w
ill

b
e
in
tro

d
u
ced

�
im
m
ed
ia
te

a
n
d
d
eferred

m
o
d
e
ch
a
n
g
es�

�
��

T
h
e
M
od
e
C
h
a
n
ge

P
rocess

In
th
e
sectio

n
�
M
o
d
es

a
n
d

M
o
d
e
C
h
a
n
g
es�

it
w
a
s
sta

ted
th
a
t
m
o
d
es

re�
ect

certa
in

o
p
era

tin
g

co
n
d
itio

n
s
o
f
th
e
co
n
tro

lled
o
b
ject�

In
tera

ctio
n

w
ith

th
e
en
v
iro

n
m
en
t
is

o
n
ly

p
erfo

rm
ed

b
y
th
e

h
o
st
C
P
U
�
T
h
u
s
o
n
ly

th
e
h
o
st
C
P
U
k
n
ow

s
a
b
o
u
t

th
e
o
p
era

tin
g
co
n
d
itio

n
s
o
f
th
e
co
n
tro

lled
o
b
ject

a
n
d

o
n
ly

th
e
h
o
st

C
P
U

is
a
b
le

to
d
eterm

in
e

w
h
eth

er
a
m
o
d
e
ch
a
n
g
e
is
req

u
ired

�
C
o
n
seq

u
en
tly

m
o
d
e
ch
a
n
g
es

in
T
T
P

a
re

in
itia

ted
b
y
th
e
h
o
st

su
b
sy
stem

�

If
th
e
o
p
era

tin
g
co
n
d
itio

n
s
o
f
th
e
co
n
tro

lled
o
b
ject

ch
a
n
g
e�
th
e
h
o
st
C
P
U
m
o
n
ito

rin
g
th
ese

co
n
d
itio

n
s

issu
es

a
m
o
d
e
ch
a
n
g
e
req

u
est

to
its

lo
ca
l
T
T
P

co
n
tro

ller�T
h
is
im
p
lies

th
a
t
o
n
ly
certa

in
n
o
d
es
a
re

a
b
le
to

in
itia

te
m
o
d
e
ch
a
n
g
es

to
certa

in
m
o
d
es�

�
��
��
�
P
erfo

rm
in
g
th
e
M
od
e
C
h
a
n
ge

In
th
e
fo
llow

in
g
a
b
rief

ov
erv

iew
o
f
th
e
m
o
d
e

ch
a
n
g
e
p
ro
ced

u
re

is
g
iv
en
�
E
x
p
la
in
in
g
a
ll
m
ech

�
a
n
ism

s�
esp

ecia
lly

th
e
h
a
n
d
lin
g
o
f
fa
ilu
res�

is
b
e�

y
o
n
d
th
e
sco

p
e
o
f
th
is
p
a
p
er�

D
eferred

m
o
d
e
ch
a
n
g
es

D
eferred

ch
a
n
g
e
�

�
�
�

D
eferred

ch
a
n
g
e
	

�
�
�

D
eferred

ch
a
n
g
e



�
�
�

Im
m
ed
ia
te

m
o
d
e
ch
a
n
g
es

Im
m
ed
ia
te

ch
a
n
g
e
�

�
�
�

Im
m
ed
ia
te

ch
a
n
g
e
	

�
�
�

Im
m
ed
ia
te

ch
a
n
g
e



�
�
�

S
p
ecia

l
m
ea
n
in
g
s

S
tay

in
cu
rren

t
m
o
d
e

�
�
�

C
lea

r
p
en
d
in
g
d
eferred

ch
a
n
g
e
req

u
est

�
�
�

T
a
b
le

�
�
T
h
e
m
ea
n
in
g
o
f
m
o
d
e
ch
a
n
g
e

b
its

in
th
e
fra

m
e
h
ea
d
er�

A
fter

th
e
h
o
st

C
P
U

h
a
s
p
a
ssed

a
m
o
d
e
ch
a
n
g
e

req
u
est

to
its

lo
ca
l
T
T
P

co
n
tro

ller
�see

a
b
ov
e

su
b
sectio

n
	�
th
e
la
tter

ch
eck

s
w
h
eth

er
th
e
n
o
d
e
is

a
llow

ed
to

req
u
est

th
is
ch
a
n
g
e�

T
h
e
in
fo
rm

a
tio

n
o
n
a
llow

ed
m
o
d
e
ch
a
n
g
e
req

u
ests

is
sto

red
in

th
e

M
E
D
L
o
f
th
e
resp

ectiv
e
m
o
d
e
a
n
d
is
d
eterm

in
ed

d
u
rin

g
th
e
o
�
�lin

e
p
la
n
n
in
g
p
h
a
se

o
f
th
e
sy
stem

�
If
th
e
req

u
ested

ch
a
n
g
e
is
a
llow

ed
th
e
T
T
P
co
n
�

tro
ller

sets
th
e
m
o
d
e
ch
a
n
g
e
b
its

in
th
e
h
ea
d
er

o
f
th
e
n
ex
t
fra

m
e
it

sen
d
s
to

th
e
va
lu
e
co
rre�

sp
o
n
d
in
g
to

th
e
req

u
ested

su
ccesso

r
m
o
d
e
�see

ta
b
le
�
	�
A
s
th
ere

a
re

th
ree

m
o
d
e
ch
a
n
g
e
b
its

in
th
e
fra

m
e
h
ea
d
er
a
n
d
tw
o
b
it
p
a
ttern

s
a
re
req

u
ired

to
en
co
d
e
sp
ecia

l
a
ctio

n
s
��
stay

in
cu
rren

t
m
o
d
e�

a
n
d
�
clea

r
p
en
d
in
g
d
eferred

m
o
d
e
ch
a
n
g
e�
	
six

su
ccesso

r
m
o
d
es

ca
n
b
e
a
d
d
ressed

�

A
ll
o
th
er

n
o
d
es

receiv
in
g
th
e
fra

m
e
co
n
ta
in
in
g

th
e
m
o
d
e
ch
a
n
g
e
req

u
est

in
th
e
h
ea
d
er

ch
eck



in
th
e
cu
rren

t
M
E
D
L
w
h
eth

er
th
e
sen

d
in
g
n
o
d
e

is
a
llow

ed
to

req
u
est

th
is

m
o
d
e
ch
a
n
g
e�

If
th
e

req
u
ested

ch
a
n
g
e
is
a
llow

ed
a
ll
n
o
d
es

p
erfo

rm
th
e

m
o
d
e
ch
a
n
g
e
a
t
th
e
p
red

eterm
in
ed

p
o
in
t
in

tim
e

�see
fo
llow

in
g
su
b
sectio

n
	�

It
is
im
p
o
rta

n
t
to

n
o
te

th
a
t
th
e
b
u
s
a
ccess

p
a
t�

tern
is

id
en
tica

l
in

a
ll

m
o
d
es�

i�e��
th
ere

is
a

�
x
ed

T
D
M
A

cy
cle

p
a
ttern

fo
r
a
ll
m
o
d
es�

T
h
is

restrictio
n
is

im
p
o
sed

b
y
th
e
B
u
s
G
u
a
rd
ia
n
�
in

p
a
rticu

la
r
b
y
its

d
em

a
n
d
fo
r
u
tm

o
st
in
d
ep
en
d
en
ce

fro
m

th
e
T
T
P
co
n
tro

ller�
A
s
m
en
tio

n
ed

in
sectio

n
�
O
v
erv

iew
o
f
th
e
A
rch

itectu
re�

th
e
B
u
s
G
u
a
rd
ia
n

is
n
o
t
aw

a
re

o
f
th
e
cu
rren

t
o
p
era

tio
n
a
l
m
o
d
e
o
f

th
e
co
m
p
u
ter

sy
stem

�
M
o
reov

er�
it
is
n
eith

er
in
�

fo
rm

ed
a
b
o
u
t
m
o
d
e
ch
a
n
g
es
n
o
r
is
it
a
b
le
to

n
o
tice

th
em

b
y
h
im
self�

T
h
u
s
d
i�
eren

t
a
ccess

p
a
ttern

s
in

d
i�
eren

t
m
o
d
es

w
o
u
ld

in
terfere

w
ith

th
e
B
u
s

G
u
a
rd
ia
n
�s
o
p
en
�clo

se
m
ech

a
n
ism

�

�
��
��
�
T
h
e
C
o
n
�
ict

betw
een

C
o
n
sisten

cy
a
n
d
S
peed

T
T
P

a
llow

s
u
p
to

six
su
ccesso

r
m
o
d
es

fo
r
ea
ch

m
o
d
e�

T
h
e
co
rresp

o
n
d
in
g
six

m
o
d
e
ch
a
n
g
es

a
re

d
iv
id
ed

in
to

tw
o
g
ro
u
p
s�

�
th
ree

d
eferred

m
o
d
e
ch
a
n
g
es

a
n
d

�
th
ree

im
m
ed
ia
te

ch
a
n
g
es�

T
h
e
tw
o
ca
teg

o
ries

o
f
ch
a
n
g
es

re�
ect

tw
o
d
i�
er�

en
t
p
rin

cip
les�

co
n
sisten

cy
o
n
th
e
o
n
e
h
a
n
d
a
n
d

sp
eed

o
n
th
e
o
th
er

h
a
n
d
�
W
h
erea

s
d
eferred

m
o
d
e

ch
a
n
g
es
a
re
a
g
reed

u
p
o
n
b
y
a
ll
n
o
d
es
o
f
th
e
clu

ster
a
n
d

ca
n

b
e
p
erfo

rm
ed

o
n
e
T
D
M
A

cy
cle

a
fter

th
e
req

u
est

a
t
th
e
ea
rliest�

im
m
ed
ia
te

ch
a
n
g
es

a
re

ex
ecu

ted
im
m
ed
ia
tely

a
fter

th
e
req

u
est�

B
o
th

m
o
d
e
ch
a
n
g
e
co
n
cep

ts
h
av
e
sp
eci�

c
a
d
va
n
ta
g
es�

n
eith

er
o
f
th
em

is
w
ell

su
ita

b
le
fo
r
a
ll
situ

a
tio

n
s�

T
h
erefo

re
T
T
P

su
p
p
o
rts

b
o
th

p
rin

cip
les�

w
h
ich

a
re

ex
p
la
in
ed

in
m
o
re

d
eta

il
in

th
e
fo
llow

in
g
su
b
�

sectio
n
s�

�
��

D
eferred

M
od
e
C
h
a
n
ges

D
eferred

m
o
d
e
ch
a
n
g
es

ca
n

b
e
u
sed

to
re�

ect
ch
a
n
g
es

in
n
o
rm

a
l
o
p
era

tio
n
a
l
co
n
d
itio

n
s
o
f
th
e

co
n
tro

lled
o
b
ject�

e�g
��

a
ch
a
n
g
e
fro

m
ta
k
e�o

�
m
o
d
e
to

clim
b
m
o
d
e�

A
s
sta

ted
a
b
ov
e
d
eferred

m
o
d
e
ch
a
n
g
es

re�
ect

th
e
p
rin

cip
le
o
f
co
n
sisten

cy�
i�e��

m
a
in
ta
in
in
g
a
n
eq
u
a
l
sta

te
a
m
o
n
g
a
ll
n
o
d
es

o
f
a
clu

ster
a
n
d
b
etw

een
th
e
sta

te
o
f
th
e
p
ro
to
co
l

o
n
th
e
o
n
e
h
a
n
d
a
n
d
th
e
sta

te
o
f
th
e
a
p
p
lica

tio
n

o
n
th
e
o
th
er

h
a
n
d
�

D
eferred

m
o
d
e
ch
a
n
g
es

ca
n
b
e
req

u
ested

a
t
a
n
y

tim
e
d
u
rin

g
a
clu

ster
cy
cle�

H
ow

ev
er�

th
e
m
o
d
e

ch
a
n
g
e
is
p
erfo

rm
ed

a
t
th
e
b
eg
in
n
in
g
o
f
th
e
n
ex
t

clu
ster

cy
cle�

A
t
th
is

d
e�
n
ed

p
o
in
t
in

tim
e
th
e

a
p
p
lica

tio
n
sh
o
u
ld

b
e
in

th
e
gro

u
n
d
sta

te
�A

h
u
ja

et
a
l��

�
�
�
�
	�

A
p
p
lica

tio
n

g
ro
u
n
d

sta
te

m
ea
n
s

th
a
t
n
o
a
p
p
lica

tio
n
ta
sk

o
n
a
n
y
n
o
d
e
is
cu
rren

tly

ex
ecu

tin
g
�eith

er
ru
n
n
in
g
o
r
p
reem

p
ted

	�
F
o
r
th
is

rea
so
n
n
o
ta
sk

m
u
st
b
e
a
b
o
rted

o
r
�
n
ish

ed
in

th
e

su
cceed

in
g
m
o
d
e�

T
h
e
p
o
ssib

ility
to

req
u
est

a
d
eferred

m
o
d
e
ch
a
n
g
e

a
t
a
n
y
tim

e
d
u
rin

g
th
e
clu

ster
cy
cle

im
p
lies

th
a
t

th
e
m
o
d
e
ch
a
n
g
e
is
p
en
d
in
g
till

th
e
sta

rt
o
f
th
e

n
ex
t
clu

ster
cy
cle�

W
h
en

th
is

p
o
in
t
in

tim
e
a
r�

riv
es
ea
ch

n
o
d
e
ch
a
n
g
es
to

th
e
req

u
ested

su
ccesso

r
m
o
d
e
a
u
to
n
o
m
o
u
sly�

i�e��
w
ith

o
u
t
fu
rth

er
n
o
tice�

T
h
is
a
u
to
m
a
tism

is
a
p
p
lica

b
le
to

a
ll
co
rrectly

o
p
�

era
tin

g
n
o
d
es

th
a
t
h
av
e
receiv

ed
th
e
fra

m
e
co
n
�

ta
in
in
g
th
e
m
o
d
e
ch
a
n
g
e
req

u
est�

N
o
d
es
th
a
t
rein

�
teg

ra
te
in
to

th
e
en
sem

b
le
a
fter

th
is
fra

m
e
h
a
s
b
een

sen
t
a
re

n
o
t
aw

a
re

o
f
th
e
p
en
d
in
g
m
o
d
e
ch
a
n
g
e�

H
en
ce

th
ey

ca
n
n
o
t
ch
a
n
g
e
a
t
th
e
p
red

eterm
in
ed

p
o
in
t
in

tim
e�
T
o
ov
erco

m
e
th
is
p
ro
b
lem

p
en
d
in
g

m
o
d
e
ch
a
n
g
es

b
eco

m
e
p
a
rt

o
f
th
e
C
�S
ta
te�

A
n

in
teg

ra
tin

g
n
o
d
e
receiv

in
g
a
n
I�fra

m
e
a
lso

receiv
es

in
fo
rm

a
tio

n
o
n
th
e
p
en
d
in
g
m
o
d
e
ch
a
n
g
e
a
n
d
ca
n

p
erfo

rm
th
e
ch
a
n
g
e
co
n
sisten

tly
w
ith

th
e
rest

o
f

th
e
en
sem

b
le�

T
h
e
d
eferred

m
o
d
e
ch
a
n
g
e
m
ech

a
n
ism

a
lso

a
llow

s
a
fo
rm

o
f
a
g
reem

en
t
o
n

m
o
d
e
ch
a
n
g
es�

U
sin

g
a
sp
ecia

l
b
it

p
a
ttern

in
th
e
fra

m
e
h
ea
d
er

�see
ta
b
le

�
	
p
en
d
in
g
m
o
d
e
ch
a
n
g
e
req

u
ests

ca
n
b
e

clea
red

a
g
a
in
�

T
h
e
m
ech

a
n
ism

p
resen

ted
so

fa
r
d
o
es

n
o
t
restrict

req
u
ests

in
a
n
y
w
ay�

T
h
is
m
ea
n
s
th
a
t
m
o
re

th
a
n

o
n
e
req

u
est

ca
n
b
e
issu

ed
d
u
rin

g
a
clu

ster
cy
cle�

In
th
is

ca
se

th
e
d
eferred

m
o
d
e
ch
a
n
g
e
req

u
ests

m
u
st

b
e
p
rio

ritized
�
If
m
o
re

th
a
n
o
n
e
ch
a
n
g
e
is

req
u
ested

th
e
h
ig
h
est

p
rio

rity
ch
a
n
g
e
is
ex
ecu

ted
�

P
rio

ritizin
g
ca
n
b
e
d
o
n
e
eith

er
b
y
a
ssig

n
in
g
sta

tic
p
rio

rities
to

th
e
n
u
m
b
ers

o
f
d
eferred

m
o
d
e
ch
a
n
g
e

req
u
ests

o
r
b
y
d
y
n
a
m
ica

lly
m
a
k
in
g
th
e
la
st

re�
q
u
est

th
e
h
ig
h
est

p
rio

rity
o
n
e�
In

th
e
�
rst

p
o
ssib

il�
ity

d
eferred

ch
a
n
g
e
req

u
est

�
co
u
ld
b
e
a
ssig

n
ed

th
e

h
ig
h
est

p
rio

rity
a
n
d
d
eferred

req
u
est

�
th
e
low

est�

D
eferred

m
o
d
e
ch
a
n
g
es

a
re

a
d
d
ressed

rela
tiv

ely�
i�e��

th
e
n
u
m
b
er

o
f
th
e
req

u
ested

m
o
d
e
ch
a
n
g
e

is
u
sed

to
lo
o
k
u
p
in

a
ta
b
le

th
a
t
co
n
ta
in
s
th
e

a
b
so
lu
te

m
o
d
e
n
u
m
b
er

o
f
th
e
d
estin

a
tio

n
m
o
d
e�

A
s
o
p
p
o
sed

to
d
irect

a
d
d
ressin

g
�
w
h
ere

th
ree

b
its

to
en
co
d
e
a
m
o
d
e
ch
a
n
g
e
req

u
est

w
o
u
ld

resu
lt
in

o
n
ly
sev

en
p
o
ssib

le
m
o
d
es

o
f
th
e
sy
stem

�
th
e
in
d
i�

rect
a
d
d
ressin

g
sch

em
e
fa
cilita

tes
a
n
u
n
b
o
u
n
d
ed

n
u
m
b
er

o
f
m
o
d
es�

�
��

Im
m
ed
ia
te

M
od
e
C
h
a
n
ges

A
n
im
m
ed
ia
te

m
o
d
e
ch
a
n
g
e
is

ex
ecu

ted
im
m
e�

d
ia
tely

a
t
th
e
en
d
o
f
th
e
F
T
U

slo
t
w
h
ere

th
e

m
o
d
e
ch
a
n
g
e
w
a
s
req

u
ested

�
T
h
e
ch
a
n
g
e
itself

is
n
o
t
a
g
reed

u
p
o
n
a
n
d
th
u
s
re�

ects
th
e
p
rin

cip
le
o
f

sp
eed

�

T
h
e
im
m
ed
ia
te

ex
ecu

tio
n
o
f
th
is

ty
p
e
o
f
m
o
d
e

ch
a
n
g
e
req

u
ests

av
o
id
s
tw
o
p
ro
b
lem

s
a
risin

g
w
ith



d
eferred

ch
a
n
g
es�

F
irst

o
f
a
ll
th
ere

is
n
o
n
eed

to
p
rio

ritize
ch
a
n
g
es�

S
in
ce

ch
a
n
g
es

a
re

ca
rried

o
u
t

im
m
ed
ia
tely

a
fter

th
ey

h
av
e
b
een

req
u
ested

th
ere

is
a
t
m
o
st

o
n
e
p
en
d
in
g
req

u
est

a
t
a
n
y
tim

e�
F
o
r

th
e
sa
m
e
rea

so
n
m
a
in
ta
in
in
g
in
fo
rm

a
tio

n
a
b
o
u
t

p
en
d
in
g
ch
a
n
g
es

is
n
o
t
req

u
ired

�

Im
m
ed
ia
te

m
o
d
e
ch
a
n
g
es

a
re

a
d
d
ressed

a
b
so
�

lu
tely�

i�e��
a
n
im
m
ed
ia
te
m
o
d
e
ch
a
n
g
e
lea

d
s
to

th
e

sa
m
e
m
o
d
e
reg

a
rd
less

o
f
th
e
m
o
d
e
th
e
ch
a
n
g
e
w
a
s

in
itia

ted
fro

m
�
H
en
ce

m
u
ltip

le
im
m
ed
ia
te

m
o
d
e

ch
a
n
g
es

a
re

id
em

p
o
ten

t�
O
n
th
e
o
th
er

h
a
n
d
th
e

en
co
d
in
g
sch

em
e
o
f
th
e
m
o
d
e
ch
a
n
g
e
b
its

in
th
e

fra
m
e
h
ea
d
er

�see
T
a
b
le

�
	
restricts

th
e
n
u
m
b
er

o
f
im
m
ed
ia
te

m
o
d
es

to
th
ree

if
d
irect

a
d
d
ressin

g
is
u
sed

�

T
h
o
u
g
h
im
m
ed
ia
te

ch
a
n
g
es

ca
n
b
e
h
a
n
d
led

ea
sily

in
th
e
co
m
m
u
n
ica

tio
n
su
b
sy
stem

th
ey

im
p
o
se

a
n
u
m
b
er

o
f
serio

u
s
p
ro
b
lem

s
o
n
th
e
a
p
p
lica

tio
n
�

D
eferred

ch
a
n
g
es
a
re
ex
ecu

ted
w
h
ile

th
e
sy
stem

is
in

g
ro
u
n
d
sta

te�
im
m
ed
ia
te

ch
a
n
g
es

o
n
th
e
o
th
er

h
a
n
d
ca
n
n
o
t
w
a
it
fo
r
su
ch

a
g
ro
u
n
d
sta

te�
H
en
ce

th
ere

a
re

a
n
u
m
b
er

o
f
a
p
p
lica

tio
n
ta
sk
s
ex
ecu

tin
g

w
h
en

th
e
m
o
d
e
ch
a
n
g
e
is

in
v
o
k
ed
�
T
h
ese

ta
sk
s

m
u
st

b
e
a
b
o
rted

�
w
h
ich

sh
o
u
ld

n
o
t
leav

e
th
e
a
p
�

p
lica

tio
n
in

a
n
u
n
d
e�
n
ed

sta
te�

In
th
e
d
estin

a
tio

n
m
o
d
e
th
e
ta
sk

set
m
u
st

b
e
sta

rted
a
m
id

a
cy
cle

u
n
less

th
ere

is
n
o
p
h
a
se
rela

tio
n
b
etw

een
th
e
co
m
�

m
u
n
ica

tio
n
a
n
d
th
e
ta
sk

sch
ed
u
le�

�
�
C
O
N
C
L
U
S
IO

N

In
th
is

p
a
p
er

th
e
co
n
cep

t
o
f
m
o
d
es

a
n
d
m
o
d
e

ch
a
n
g
es

a
s
a
m
ea
n
s
fo
r
ch
a
n
g
in
g
th
e
tem

p
o
ra
l

p
ro
p
erties

o
f
a
tim

e�trig
g
ered

sy
stem

h
a
s
b
een

p
resen

ted
�
F
irst�

a
n
ov
erv

iew
o
f
th
e
tim

e�trig
g
ered

a
rch

itectu
re
w
a
s
g
iv
en
�
T
h
en

th
e
b
a
sic

co
n
cep

ts
o
f

m
o
d
es

a
n
d
m
o
d
e
ch
a
n
g
es

w
ere

o
u
tlin

ed
�
fo
llow

ed
b
y
a
n
ex
p
la
n
a
tio

n
o
f
th
e
m
o
d
e
h
a
n
d
lin
g
stra

teg
y

u
sed

in
th
e
tim

e�trig
g
ered

p
ro
to
co
l�
S
p
ecia

l
em

�
p
h
a
sis

w
a
s
p
u
t
o
n
th
e
d
escrip

tio
n
o
f
th
e
d
iscrep

�
a
n
cy

b
etw

een
co
n
sisten

cy
a
n
d
sp
eed

�
w
h
ich

w
a
s

a
d
d
ressed

b
y
th
e
d
eferred

a
n
d
im
m
ed
ia
te

m
o
d
e

ch
a
n
g
e
stra

teg
ies

em
p
loy

ed
in

T
T
P
�

T
h
e
m
o
d
e
h
a
n
d
lin
g
fea

tu
res

p
resen

ted
in

th
is
p
a
�

p
er

a
re

a
serv

ice
p
rov

id
ed

b
y
th
e
co
m
m
u
n
ica

tio
n

su
b
sy
stem

�
A

m
o
d
e
ch
a
n
g
e
stra

teg
y�
m
a
k
in
g
u
se

o
f
th
ese

m
ech

a
n
ism

s�
m
u
st
b
e
im
p
lem

en
ted

a
t
th
e

h
o
st

lev
el�

Issu
es

a
d
d
ressed

b
y
a
m
o
d
e
ch
a
n
g
e

stra
teg

y
en
co
m
p
a
ss

q
u
estio

n
s
lik
e
h
ow

to
rea

ch
a
g
reem

en
t
o
n
th
e
n
ecessity

o
f
a
m
o
d
e
ch
a
n
g
e�
In

th
e
co
n
tex

t
o
f
th
e
tim

e�trig
g
ered

o
p
era

tin
g
sy
s�

tem
b
ein

g
d
ev
elo

p
ed

b
y
o
u
r
g
ro
u
p
a
n
a
p
p
ro
p
ria

te
m
o
d
e
ch
a
n
g
e
stra

teg
y
w
ill

b
e
d
e�
n
ed

a
n
d
eva

lu
�

a
ted

�

�
�
R
E
F
E
R
E
N
C
E
S

A
h
u
ja
�
M
��
A
�
D
�
K
sh
em

ka
ly
a
n
i
a
n
d
T
�
C
a
rlso

n
��
�
�
�
	�
A

b
a
sic

u
n
it

o
f
co
m
p
u
ta
tio

n
in

d
is�

trib
u
ted

sy
stem

s�
In
�
�
	
th

In
t�
C
o
n
f�
o
n
D
is�

tribu
ted

C
o
m
p
u
tin

g
S
ystem

s�
P
a
ris�

F
ra
n
ce�

p
p
�
�
�
�
�
�
�

F
o
h
ler�

G
�
��
�
�
�
	�

R
ea
lizin

g
ch
a
n
g
es

o
f
o
p
�

era
tio

n
a
l
m
o
d
es

w
ith

p
re

ru
n
�tim

e
sch

ed
�

u
led

h
a
rd

rea
l�tim

e
sy
stem

s�
In
�
R
espo

n
�

sive
C
o
m
p
u
ter

S
ystem

s
�H

�
K
o
p
etz

a
n
d

Y
�
K
a
k
u
d
a
�
E
d
s�	�

V
o
l�
�
o
f
D
epen

d
a
ble

C
o
m
�

p
u
tin

g
a
n
d
F
a
u
lt�T

o
lera

n
t
S
ystem

s�
p
p
�
�


�
�

�
�
�
�
S
p
rin

g
er�V

erla
g
�

F
o
h
ler�

G
�
��
�
�
�
	�
F
lex

ib
ility

in
S
ta
tica

lly
S
ch
ed
�

u
led
R
ea
l�T

im
e
S
y
stem

s�
P
h
D

th
esis�

T
ech

n
isch

�
N
a
tu
rw

issen
sch

a
ftlich

e
F
a
k
u
lt
a

t�
T
ech

n
isch

e
U
n
iv
ersit
a

t
W
ien

�
W
ien

�

O
sterreich

�
J
a
h
a
n
ia
n
�
F
��
R
�
L
ee

a
n
d
A
�
M
o
k
��
�




	�
S
em

a
n
�

tics
o
f
m
o
d
ech

a
rt
in

rea
l
tim

e
lo
g
ic�

In
�
P
roc�

o
f
th
e


�
st

H
a
w
a
ii
In
tern

a
tio

n
a
l
C
o
n
feren

ce
o
n
S
ystem

s
S
cien

ces�
p
p
�
�
�
�
�
�


�
�

K
a
rlsso

n
�
J
��

P
�
F
o
lk
esso

n
�
J
ea
n

A
rla

t�
Y
v
es

C
ro
u
zet

a
n
d
G

u
n
th
er

L
eb
er

��
�
�
�
	�
In
teg

ra
�

tio
n
a
n
d
C
o
m
p
a
riso

n
o
f
T
h
ree

P
h
y
sica

l
F
a
u
lt

In
jectio

n
T
ech

n
iq
u
es�

In
�
P
red

icta
bly

D
epen

d
�

a
ble

C
o
m
p
u
tin

g
S
ystem

s�
C
h
a
p
�
V
�
F
a
u
lt
In
�

jectio
n
�
p
p
�
�
�
�
�
�
�
�
�
S
p
rin

g
er

V
erla

g
�

K
o
p
etz�

H
��

A
�
D
a
m
m
�
C
h
�
K
o
za
�
M
�
M
u
la
z�

za
n
i�
W
�
S
ch
w
a
b
l�
C
h
�
S
en
ft

a
n
d
R
�
Z
a
in
�

lin
g
er

��
�


�
	�

D
istrib

u
ted

F
a
u
lt�T

o
lera

n
t

R
ea
l�T

im
e
S
y
stem

s�
T
h
e
M
A
R
S
A
p
p
ro
a
ch
�

IE
E
E
M
icro

�
��
	�
�
�
�
�
�
�

K
o
p
etz�

H
��
A
�
K
r
u
g
er�

D
�
M
illin

g
er
a
n
d
A
�
S
ch
ed
l

��
�
�
�
	�

A
S
y
n
ch
ro
n
iza

tio
n

S
tra

teg
y

fo
r
a

T
im
e�T

rig
g
ered

M
u
lticlu

ster
R
ea
l�T

im
e
S
y
s�

tem
�
In
�
P
roc�

�
�
th

S
ym

po
siu

m
o
n

R
eli�

a
ble

D
istribu

ted
S
ystem

s�
B
a
d
N
eu
en
a
h
r�
G
er�

m
a
n
y�

K
o
p
etz�

H
�
a
n
d
G
�
G
r
u
n
steid

l
��
�
�
�
	�
T
T
P
�

A
P
ro
to
co
l
fo
r
F
a
u
lt�T

o
lera

n
t
R
ea
l�T

im
e
S
y
s�

tem
s�
IE
E
E
C
o
m
p
u
ter

p
p
�
�
�
�
�
�
�

K
r
u
g
er�A

�
a
n
d
H
�
K
o
p
etz

��
�
�
�
	�A

N
etw

o
rk

C
o
n
�

tro
ller

In
terfa

ce
fo
r
a
T
im
e�T

rig
g
ered

P
ro
to
�

co
l�
In
�
S
A
E

S
ym

po
siu

m
o
n

F
u
tu
re

T
ra
n
s�

po
rta

tio
n

E
lectro

n
ics�

M
u
ltip

lexin
g
a
n
d

In
�

V
eh
icle

N
etw

o
rkin

g�
S
o
ciety

o
f
A
u
to
m
o
tiv

e
E
n
g
in
eers�

S
A
E
P
a
p
er

N
o
�
�
�
�
�
�
�
�

S
h
a
�
L
��
R
�
R
a
jk
u
m
a
r�

J
�
L
eh
o
czk

y
a
n
d
K
�
R
a
�

m
a
m
rith

a
m

��
�


�
	�

M
o
d
e
ch
a
n
g
e
p
ro
to
co
ls

fo
r

p
rio

rity
�d
riv

en
p
reem

p
tiv

e
sch

ed
u
lin
g
�

R
ea
l�T

im
e
S
ystem

s
�
��
	�
�
�
�
�
�
�
�
�

T
in
d
ell�

K
�W

��
A
�
B
u
rn
s
a
n
d
A
�J
�
W
ellin

g
��
�
�
�
	�

M
o
d
e

ch
a
n
g
es

in
p
rio

rity
p
re�em

p
tiv

ely
sch

ed
u
led

sy
stem

s�
In
�
P
roc�

�


th

R
ea
l�T

im
e

S
ystem

s
S
ym

po
siu

m
�
p
p
�
�
�
�
�
�
�
�
�


